This paper describes a novel approach to adaptive courseware generation. This approach adopts its structure from existing intelligent tutoring systems and introduces a new component called pedagogical scenario model to support pedagogical flexibility in the adaptation process of courseware generation system. The adaptation is carried out using Dynamic Constraint Satisfaction Problem framework, which is a variant of classical Constraint Satisfaction Problem, to deliver courseware tailored to individual learner. Such a framework provides a high level of expressiveness to deal with the particular characteristics of courseware generation problem. Further, it automatically designs a sound courseware satisfying the design constraints imposed by the domain, the pedagogical scenario and learner models.
Introduction
The generation of adaptive courseware has been the subject of many research efforts resulting in several courseware generations systems such as APeLS [1] , INSPIRE [2] , and DCG+GTE [3] , providing varying degrees of adaptation. Ullrich and Melis [4] and Brusilovsky and Vassileva [5] identify adaptive courseware generation as a way to generate a structured sequence of learning resources that is adapted to the learner.
Typically, an adaptive courseware generation system borrows its structure from the architecture of intelligent tutoring and adaptive hypermedia systems where four well-differentiated building blocks can be found. The learner model holds information about the learner's characteristics and preferences. The domain model is composed of the educational domain describing how the educational content is structured and linked together, educational resources and their metadata. The adaptation model contains rules which define how the domain model relates to the learner model in order to ensure adaptation. Finally, the adaptation engine decides what adaptive technique to apply and manages the entire process of adaptation according to the learner needs and preferences.
Several systems have been quoted in the literature for courseware generation. Most of these systems support the adaptation into one or two forms of adaptation [6] : adaptive presentation (i.e., the system adapts the content to the learner) and adaptive navigation (i.e., the system alters a number of visible links to support adaptive hyperspace navigation), but often they do not support adaptive pedagogy form. Adaptive pedagogy refers to the selection of the appropriate pedagogy enabling the system to deliver adaptive courseware that, while dealing with the same subject matter and learning goals can be designed and structured in a way that best fits the learner's preferences [1] . For instance, a learner which tends to be active may prefer a project-based learning method to be followed by the delivered courseware; while reflective learner may follow the same courseware using a simple presentation method. Therefore, it would be of interest to consider also the pedagogical dimension in the courseware adaptation process.
In this paper we propose a novel conceptual model of courseware generation system which adopts its structure from existing systems and introduce a new component called pedagogical scenario model to support pedagogical flexibility in the adaptive courseware generation system. We formalize the pedagogical knowledge using Dynamic Constraint Satisfaction Problem (DCSP) framework, which is a variant of classical Constraint Satisfaction Problem (CSP). The advantage of such a framework is twofold. First, it automatically designs a pedagogically sound courseware satisfying the design constraints imposed by the domain, learner and pedagogical models, thus avoiding tedious manual controls of these constraints. Second, it exhibits a high level of expressiveness to deal with the particular characteristics of courseware generation problem. This paper is organized as follows. Section 2 reviews the existing courseware generation proposals and outlines their limitations. Section 3 proposes a new conceptual model of courseware generation systems and describes the role played by each of its components as well as the adaptation process. Section 4 shows how courseware generation problem can be mapped to DCSP framework and discusses the implementation of the proposed courseware generation. Section 5 concludes the paper. 
Related Work
Several systems have been quoted in the literature for courseware generation. The DCG+GTE [3] is a courseware generation system based on the modelling of the educational domain and learner's characteristics; however, it does not take into account the pedagogical perspective in performing the adaptation, only a limited selection of exercises and obviously do not allow the reuse of resources into different pedagogical environments. The adaptation technique used in these systems is based on the AI planner.
APeLS [1] is an adaptive educational system that uses the multi-model, metadata driven approach to maintain a set of models describing the necessary learner, content and pedagogical information which the system can then reconcile, at runtime, in order to generate an adaptive course for an individual learner. The key advantage of APeLS is the separation of pedagogy from other models. This allows APeLS to adapt courseware to different pedagogical approaches; however, the model is not flexible enough to provide mediating tools supporting the implementation of different pedagogical methods.
PERSO [7] uses a case-based reasoning (CBR) approach to determine which course to propose to the learners based on their characteristics, namely the levels of knowledge and the media preferences. They put less focus on pedagogical knowledge and provide only pre-defined templates of courseware upon which the adaptation engine can reason what courseware to generate to the learners. Another disadvantage is the difficulty of reuse of courseware solutions for future needs.
Karampiperis and Sampson [8] propose a sequencing method that selects the best path that matches the learning goal based on the use of a suitability function that estimates the suitability of educational resources for a targeted learner. A major drawback is that the suitability function does not take into account that the same learner can have different learning needs regarding the same concepts or even the same courseware can presented in different pedagogical approaches.
Mohan et al. [9] and Sicilia et al. [10] use AI planning technique to generate the "IMS Learning Design" instances. Their descriptions are on a very abstract level and sketches some basic operators and methods. Their work provides evidence that AI planning techniques can be used for the generation of learning designs; however they do not provide any detailed formalization.
PAIGOS [11] describes a course generator used in the Webbased learning environment, called ActiveMath. A significant amount of pedagogical knowledge is present enabling the generation of courses for different pedagogical scenarios. Their work show how courseware generation problem can be represented and managed by automated planning technique. The adaptation engine uses a hierarchical task network(HTN)-planner. Their work is similar to our work in the sense that supports different pedagogical scenarios but they are restricted to constructivist theory.
To sum up, most of courseware generation systems are interested in the adaptation of courseware from content and/or presentation perspectives; however, the adaptation of courseware from pedagogical perspective is often ignored. This is mainly due to the fact that pedagogic information, if they exist, is encoded as part of the domain model in courseware generation systems and is limited to the semantics encoded in the domain model, socalled pedagogical relationships (e.g., 'prerequisite', 'part-of', etc.) and/or the pedagogical annotation of learning resources. This issue has led to a lack of pedagogical flexibility in the existing courseware generation systems.
Conceptual Model of Courseware Generation
While there are several conceptual models of courseware generation, the generic conceptual model emerges from their common building blocks: domain model, learner model, adaptation model and adaptation engine. These building blocks are represented by Vassileva and Bontchev [12] as a triangular structure where the adaptation engine is at the core of the model (see Figure 1) . The main benefits of this structure are it provides a strong independence of any of the building blocks; however, it does not consider the pedagogical perspective in the adaptation of courseware. Furthermore, the adaptation model is not represented at the core of the conceptual model although it contains all necessary rules for adaptation engine.
To address these issues we presented in this paper a new conceptual model of courseware generation which adopts the architecture proposed by Vassileva and Bontchev [12] , where four components are used: the domain model, learner model, adaptation model and adaptation engine, introduces a new component: the pedagogical scenario model to stress the importance of pedagogical perspective in courseware generation and regroups the adaptation model and the adaptation into one module called adaptation module and represent it at the core of the model (see Figure 1 ). Modularity: A strong independence of the building models of the courseware generator systems allows easy maintenance of the system. For example, changes in a particular model do not impact other models. Pedagogical flexibility: The system can easily reuse the courseware content into different pedagogic environments without supplementary efforts of content adaptation. Reuse: The potential for the reuse of learning resources into different pedagogic environments is increased, and so is the reuse of different pedagogical strategies.
Pedagogical Scenario Model
Pedagogy is a fundamental information source used in improving the quality of learning because it influences the organization of courseware content and provides guidance and learner support. According to Franzoni and Assar [1] pedagogy refers to an organized and systematized sequence of activities and resources that teachers use while teaching. The main objective is to facilitate the students' learning. An appropriate selection of the pedagogy enables the system to deliver an adaptive courseware that, while dealing with the same subject matter and learning goals, can be designed and structured in a way that best fits the learner's preferences [13] . For instance, a learner which tends to be active may prefer a project-based learning method to be followed by the courseware; while reflective learner may follow the same courseware using a simple presentation method.
Therefore, it is essential that pedagogical information should be incorporated into a comprehensive pedagogical model. In this context, IMS consortium has developed the IMS Learning Design (LD) specification [14] offering an abstract model for learning designs. Even though this specification answers the need to formalize the representation of learning designs and to provide a set of machine interpretable metadata to assure interoperability, it has the limitation that it follows a traditional objectivist (i.e. behaviorist) theory of learning that asserts that knowledge must be objectified in order to be transmitted to learners. It is clear, however, that recent teaching and learning approaches have moved away from simply transmitting knowledge from teacher/book to the learner to more diverse approaches that engage the learner in the generation and evaluation of knowledge. Furthermore, in IMS LD learning resources are bound to learning designs at design time regardless of learner profiles, resulting in a limited flexibility in the adaptation of learning designs.
To cope with these issues, we propose an ontological model for pedagogical scenarios that accommodate a wide variety of pedagogical methods. The main elements composing a pedagogical scenario are:
Pedagogical Identifier Code (PIC), given to reference each pedagogical scenario stored in a repository. The use of PIC facilitates the search and retrieval of pedagogical scenarios from a repository. Pedagogical objective, which identifies the objective to achieve through the pedagogical scenario being modeled. Pedagogical objectives are defined here based on Bloom's taxonomy [15] which defines six levels of learning: knowledge, understanding, application, analysis, synthesis, and evaluation. Pedagogical method, which represents the teaching approach followed by a particular pedagogical scenario. There have been many pedagogical methods in education, but the following ten types of pedagogical methods are commonly considered in pedagogical design [16] : presentation, problem solving, discussion, brainstorming, games, simulation, role playing, case study, project design method, question and answer method. Activity-sequencing, which refers to an organized sequence of didactic activities (used for applying a particular pedagogical scenario). A didactic activity can be introduction, definition, problem, example, solution, etc. It is worth noting that the sequencing of didactic activities is the responsibility of instructional designers and pedagogical experts. Candidate concepts, which provide the potential concepts that might be associated with the particular pedagogical scenario. This helps the course author to select the appropriate pedagogical scenario in one hand and supports the reuse of pedagogical scenarios for different learning goals in the other hand. Mediating tool, which identifies the teaching tool or technique to implement a pedagogical method. For example, a set of PowerPoint slides can be a mediating tool for presentation. E-mails can be a mediating tool for discussion or project design method.
Learner Model
Learner is essential for an adaptive system to provide the adaptation effect, i.e., to behave differently for different learner or users [17] . Therefore, the information represented in the learner model should be able to represent in a convenient way the characteristics of the learner which are source of adaptation.
We envisage to represent our learner model into three parts, where the first part, called the general part, holds general information about the learner such as his/her unique identifier, forename, surname, date of birth, etc. The second part, called the knowledge part, represents the primary elements being modeled in the learner model, i.e., the cognitive state. This can be expressed by the following information: 
Domain Model
The domain model is composed of the domain knowledge describing how the knowledge space is structured and linked together, resources and their metadata. We define the domain knowledge in a way that represents all possible courseware for a given subject in a single model using concepts. A concept can be a coarse or fine grained element of knowledge about a given subject. The relations between concepts, adapted from [19] , take five different forms:
Mandatory: A sub-concept is said to be mandatory when it is required to appear when the parent concept appears. Optional: A sub-concept is said to be optional when it can or not appear when the parent concept appears. Composed-of: A set of sub-concepts are said to have a composed-of relation with their parent concept when the later can be decomposed into fine grained concepts. Alternative: A set of sub-concepts are said to be alternative when only one sub-concept can be selected when the parent concept appears. OR: A set of sub-concepts are said to have an OR relation with their parent when one or more subconcepts can be selected when the parent concept appears.
In addition to the structural relations, dependencies are also allowed. They refer to additional cross-tree constraints to restrict concept combinations and take here two different forms:
Prerequisite: A concept, C1, is a prerequisite of C2 means that if C1 appears then C2 should appear but not backwards. Exclude: A concept, C1, excludes C2 means that if C1 appears then C2 should not appear and backwards.
Each concept in the domain knowledge is associated with a set of resources that focus on this concept. This association is established through metadata. Our resources model has the following descriptive metadata scheme, extracted from Learning Object Metadata (LOM) specification [20] :
Resource_id, which is the unique identifier of the resource. Category, which defines the category to which belongs the resource. Pedagogic role, which describes the didactic role developed by a resource in reference to didactic activities embodied in the pedagogical model. Media type, which indicates the form in which a resource is presented. The most used types of media are: text/image, video, audio, and simulation. Address, which refers to the physical or logical address where an educational resource is stored.
It is worth noting that resources should be sufficiently small grained, in the sense that it describes a single concept and is presented by one type of data. Indeed with small grained resources, the course designer has greater flexibility in the reuse of existing resources to assemble new courseware. For example, if the granularity level of resources is of a description, theorem, or demonstration level then the course designer can add/remove content at this finer level to produce several versions of the same courseware.
Adaptation Model
In order to introduce the pedagogy perspective in the adaptation process of courseware generation, we take into account three hierarchical levels (see Figure 3) : domain concepts selection, pedagogical scenario selection, and resources selection.
Domain concept selection level. The first level constitutes the classical level of any adaptation process in courseware generation systems. It consists of selecting concepts related to a learning goal as well as associated concepts (sub-concepts and prerequisites) based on the domain model relationships. This formulates a conceptual structure that represents all the concepts of a learning goal and their relationships. Pedagogical scenario selection level. At this level pedagogical scenario selection takes place. The course author might impose a particular pedagogical scenario to use for designing and organizing the courseware or let the system decides which pedagogical scenario to select with a respect to the attributes of learner model. The connection between the pedagogical scenario model and the learner model is established based on the adaptive teaching taxonomy proposed by [1] . This taxonomy consists on matching the different learning styles with teaching strategies. It also suggests the suitable mediating tool for implementing teaching strategies. Table 2 depicts this connection. Resources selection level. The main functionality of this level is to associate to both selected concepts and pedagogical scenario the corresponding learning resources based on the connection of the resources model with both learner and pedagogical scenario models.
The advantage of our approach is that it allows a complete independence between the domain model, learner model and pedagogical scenario model. Such independence enables various forms of adaptation (content adaptation, presentation adaptation, and pedagogy adaptation). Furthermore, we could identify the appropriate pedagogical scenario using some of the identified learning preferences to improve the efficiency of the learning process through matching leaner and pedagogical scenario models. 
Modeling Courseware Generation Using DCSP
Dynamic Constraint Satisfaction Problem (DCSP) consists of a classical Constraint Satisfaction Problem (CSP) together with constraints describing how variables are added (or removed) from a problem based on other particular variable assignments [21] , called activity constraints.
Formally, a DCSP is defined as (V, V initial , D, C C , C A ), where V = {v 1 , …, v i } is the set of variables, V initial V is the set of initial variables that must appear in all solutions, and D = {D 1 , …, D i } is the set of domains of the variables providing a set D i = {d i1 , …, d ij } of values of each variable. The compatibility constraints C C correspond to the constraints found in classical CSPs, specifying allowed combinations of variables assignments and the activity constraints C A specify the conditions under which a variable and its associated domain become relevant in constructing a solution.
Following the DCSP formalism proposed in [22, 23] , we propose to use the following form of activity constraint:
where 0 m n. This activity constraint states that if variables v 1 , …, v i are active in and satisfied by an assignment, the subset of variables v j , …, v k are active in the assignment.
A solution to DCSP is an assignment A that has assignment to the set of initials variables and satisfies C C ∪ C A .
Modeling Courseware Generation Problem as a DCSP
We define courseware generation problem as a DCSP such that each concept included in the domain model is represented by a variable, the domain associated with these variables is a set of pedagogical scenarios available in the repository. The root concept defined in the domain model and target concepts specified by the learner are represented as initial variables. The relations defined by the domain model are translated into activity constraints; whereas the conditions under which a concept is assigned a selected pedagogical scenario are specified in compatibility constraints. A solution to DCSP is a courseware that satisfies all compatibility and activity constraints and has assignments for each of the initial variables.
To illustrate how courseware generation problem can be mapped to a DCSP model, let us consider a simplified view of a computer algorithms model (see Figure. 2), which consists of 12 concepts and 13 relations, among which 7 are mandatory, 2 optional, 3 prerequisite and 1 OR relations. Consider now a learner who wants to take a computer algorithms courseware to learn about graph representation following a problem solving approach assuming he/she has no prior background on that domain. Tables 3, 4 and 5 describe the mapping of courseware generation problem to DCSP model. Each concept is represented by a variable, denoted by V Ci , and the domain of each variable includes one or more scenarios (see Table 3 ). A scenario is represented by S Meth , where S stands for the Scenario and Meth a short name of the pedagogical method associated with it. For example S Pres , S Q&A , S Sim , S PS represent the scenarios respectively associated with the presentation, question and answer, simulation, and problem solving methods. The target concepts which have to be present in every courseware solution are included in the set of initial variables as well as the root concept (i.e., computer algorithms). The activity constraints C A specify the conditions under which a variable and its associated domain become relevant in constructing a courseware solution. For example, the constraint V Ca V Ds states if computer algorithms concept is active in a courseware solution, data structures concept is then active. This allows the selection of relevant concepts to a specific courseware generation problem and the removal of irrelevant ones. The compatibility constraints C C correspond to the constraints found in classical CSPs, i.e., normal constraints specifying allowed combinations of variables assignments. The activity constraints C A and compatibility constraints C C are respectively given in Table 4 and  Table 5 . 
Implementation
There exist two approaches to solve DCSP. The first approach was proposed by Mittal and Falkenhainer [24] . It consists of using dynamic backtracking algorithm to solve DCSP. The second approach, which we use to solve courseware generation problem, was proposed by Kambhampati [25] . It consists of compiling DCSP into a standard CSP and using the standard CSP algorithms. The main idea is to introduce a new "null" value (denoted by "┴") into the domains of each of the DCSP variables. We then model an active DCSP variable as a CSP variable which takes the value " ≠ ┴". Table 6 demonstrates such a compilation. 
Conclusion
This paper has proposed a new conceptual model for courseware generation to support pedagogical flexibility in courseware generation, and formulated the courseware generation problem as a DCSP. This approach allows the translation of all forms of relations defined in the domain knowledge model to activity constraints, learning goals to initial variables, and other design constraints to compatibility constraints. We argue that DCSP is more expressive than CSP in terms of knowledge representation. In terms of computational overhead, however, combining different elements or generalized definitions requires further optimization. For the future work, we plan to extend our DCSP framework to support reusing previous courseware solutions for prospective learners with similar characteristics. Knowledge conversion techniques such as studied in [27] may help this process of reusing knowledge.
